A competitive enzyme linked immonosorbent assay (ELISA) was developed for quantification of recombinant Bm86 protein (rBm86), antigen of the vaccine Gavac™ against the cattle tick Boophilus microplus. Monoclonal antibody (Mab) SSBm1 showed identical recognition to folded and denatured antigen and was used in the competition assay. This ELISA was sensitive enough to detect 60 ng/ml of rBm86. Within-assay coefficient of variation was 5.7 to 6.2 % and between-assay variation was 7.7 to 11.6 %. The level of expression of recombinant Bm86 in Pichia pastoris reached about 2.7 g per liter of culture after 80 hour of fermentation.
Introduction
The protective 'concealed' antigen Bm86, isolated from the surface of tick gut digest cells, has been effective for the control of tick populations (Johnston et al., 1986) . Recently, the gene coding for Bm86 has been cloned and expressed at high levels in the methylotrophic yeast Pichia pastoris (Rodríguez et al., 1994) .
A vaccine against B. microplus, containing the recombinant Bm86, has been developed. The process includes four main steps: fermentation, purification of the active raw material (ARM), adjuvation and filling (Canales et al., 1997) .
In the early fermentation process, P. pastoris grows in glycerol as carbon source very fast, but gene expression was fully repressed. Upon the depletion of glycerol, addition of methanol as sole carbon source induces rBm86 production with slightly more cell growth. The protein expressed was distributed in the membrane system of the cells (Canales et al., 1997 ). An accurate determination of expression level of rBm86 by ELISA requires high recovery of the antigen together with unaffected antibody recognition.
Enzyme linked immunosorbent assays (ELISA) have been extensively used to quantify recombinant or natural proteins (Vonderfecht et al., 1985) . Particularly, a sandwich ELISA, using two different monoclonal antibodies (SSBm1 and SSBm2 Mabs), has been reported to determine soluble rBm86 in the ARM (Enríquez et al., 1995) . In this paper we found that sandwich ELISA fails when rBm86 is denatured in the soluble extract and we report a competitive ELISA employing SSBm1 to determine the expression level of rBm86 during fermentation. This procedure is simple, reproducible and high recovery of the antigen is obtained.
Materials and methods

Materials
Bovine serum albumin (BSA), 4-cloronaftol and ortophenilendiamine (OPD) were purchase from Sigma. Nitrocellulose membranes and anti-mouse IgG labeled with horseradish peroxidase were obtained from Amersham Life Science. Skim milk was from Oxoid. Other chemicals were from Merck.
Production of a soluble extract from yeast
Transformed Pichia pastoris was fermented according to Canales et al. (1997) . One milliliter of broth was harvested by centrifugation at 10 000 ϫ g for 15 minutes. Cell pellet (0.1 g) were resuspended in the Laemmli (1970) buffer (250 l 0.3M NaCl, 5Mm EDTA, 1.15M 2-mercaptoethanol, 50Mm phosphate buffer pH 7) and then 1g of beads with diameters between 0.5 and 0.75 mm was added. The cells were disrupted in a 1.5-ml microcentrifuge tube using a vortex mixer at 2500 rpm. Seven passes of two minutes each with one-minute intervals in ice were performed. Disruption efficiency was determined by cell count in a Neumbauer chamber and expressed as the percent of cell breakage after disruption: 100ϫ(n o Ϫn i )/n o , where n o and n i were the cells numbers before and after disruption. Cells debris particles were centrifuged at 10 000 g for 15 minutes and the supernatant discarded. The pellet was resuspended in 500 l of PBS and then 500 l of a Laemmli solution containing 4% (w/v) SDS, 20% (v/v) glycerol, 10% (v/v) 2-mercaptoethanol, 0.125M Tris-HCl buffer pH 6.9 was added and incubated during 20 minutes at 100°C. The sample was centrifuged at 10 000 g for 15 minutes. The supernatant comprises the soluble extract. The same procedure but using a non transformed Pichia pastoris was performed for the production of a negative soluble extract. Wet cell-pellet weight was determined by centrifugation of one milliliter of broth at 10 000 g for 15 minutes in duplicated.
Preparation of rBm86 standard Recombinant Bm86 standard was obtained by isoelectric precipitation (Boué et al., 1997) . The protein concentration was determined by total nitrogen analysis (Watkins et al., 1987) .
Denaturation of rBm86 standard
Stock rBm86 solution was diluted to 0.35 mg/ml in PBS and mixed with Laemmli buffer at equal volume (500l). Denaturalized rBm86 was obtained by heated at 100°C during 20 minutes.
Electrophoresis
Polyacrilamide gel electrophoresis with sodium dodecyl sulfate (SDS-PAGE) was performed in 10% gels (Laemmli, 1970) . Proteins were mixed with sample buffer: 4% (w/v) SDS, 1.25 M 2-mercaptoetanol, 0.2% (v/v) glycerol, 180 mM Tris-HCl pH 6.9 and 0.01% (w/v) Bromophenol Blue. Electrophoretic buffer was 25 mM Tris-HCl, 192 mM glycine, 0.1% (w/v) SDS, pH 8.4. The slabs were stained with 0.05% (w/v) Coomassie Blue G-250 in 10% (v/v) acetic acid, 10% (v/v) methanol and destained by washing in 10% (v/v) acetic acid and 10% (v/v) methanol.
Immunodot assay
Nitrocellulose membranes were wetted shortly in redestilled water and place them in a 96-hole slot-blot manifold. Fifty microliters of diluted soluble extracts or standard were dotted. The membrane was blocked by incubation during 1 hour at 37°C with PBS (0.0015M KH 2 PO 4 , 0.08M Na 2 HPO 4 , 0.014M NaCl, 0.027M KCl, pH 7.2) and 5% (w/v) skim milk. Then, it was incubated with the primary antibodies (SSBm1 or SSBm2) during 1 hour at 37°C. The membrane was washed three times with PBST (PBS containing 0.05% (v/v) Tween 20) and was incubated with the anti-mouse IgG labeled with horseradish peroxidase (1: 3000) for 1 hour at 37ºC. Then, it was washed three times with PBST and fresh staining solution (0.2 mg/ml 4-cloronaftol and 0.03% (v/v) H 2 O 2 in PBS) was added. The color development was stopped with several washes of redistilled water.
Enzyme-linked immunosorbent assay (ELISA)
Maxisorp Nunc F96 microtiterplates were coated overnight at 4°C with 100 l per well of a 1 g/ml solution of rBm86 in coating buffer (0.05M Na 2 CO 3 , 0.05M NaHCO 3 , pH 9.6). After washing three times with PBST, the unbound reactive sites were blocked with 3% (w/v) skim milk in PBS for one hour at 37°C. Fifty microliters of the monoclonal antibody anti-rBm86 (SSBm1) in PBS were added to 50 l of triplicates samples or standards to give a final concentration of 62.5 ng/ml and a set of standards ranging from 1 g/ml to 88 ng/ml. After 1 hour at room temperature with a gently shaking, plates were washed three times with PBST, 100 l of a second antibody (antimouse IgG labeled with horseradish peroxidase) diluted 1:6000 (v/v) in PBS was added and microtiter wells were incubated at 37°C for 30 minutes. Plates were washed five times and then 100 l of substrate solution (0.1M Na 2 HPO 4 , 0.048M C 6 H 8 O 7 .H 2 O, pH 5.5. containing 0.45 mg/ml OPD and 30% (v/v) H 2 O 2 ) was added. The reaction was stopped with 50 l of 2.5M H 2 SO 4 after 15 minutes at room temperature and the absorbance was measured at 492 nm using a plate reader.
Concentration of rBm86 protein in the soluble extract was deduced by reference to a standard curve expressed by log(Bo/B) as a function of soluble antigen concentration, where Bo and B were the specific optical density measured in the absence (maximum binding) or in the present of soluble antigen respectively. This concentration represent the mass of rBm86 protein in 0.1g of cell pellet and the level of expression as grams of antigen per liters of culture broth was calculated using the wet cell pellet weight determination.
Results and discussion
Preparation of the rBm86 standard Purified rBm86 protein after acid precipitation of contaminants at pH 5.0 was analyzed by SDS-PAGE after reduction followed by Coomassie Blue staining. It was judged to be more than 98 % pure (figure 1). The exact protein concentration was determined by total nitrogen analysis and was 3.27 mg/ml, the mass referring to the polypeptide material only, i.e., disregarding bound carbohydrate.
Production of a soluble extract from yeast Recombinant Bm86 is intracellularly produced in Pichia pastoris. For its quantification is required cell disruption and protein solubilization steps. An effective extraction procedure must be employed to maximize the amount of rBm86 protein released for the analysis.
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